
  

 



  

 



  



  

 THE TRANSITION TO CANCER RADIOTHERAPY WITH PROTONS:  

PROGRESS DESPITE THE HEADWINDS  

 

Hans Rinecker 

 

Over 3000 physicists, so the history of this endeavor, were working at that time on the 

development of the atom bomb, mankind’s most fearsome weapon. History further states 

that only one physicist among them had such remorse that he undertook a humanitarian 

effort:   Robert Rathbun Wilson (1914 - 2000). He left behind an idea that was far ahead of 

its time: using protons to heal people. And the area in which he wanted to apply his 

knowledge of nuclear physics, radioactivity and ionizing radiation was:  cancer therapy. 

Wilson proposed using highly accelerated nuclear particles, protons, the simplest atomic 

nuclei, those of hydrogen, as a radiation against tumors.  This had to be an improvement 

over the X-ray radiation that had been used until that time.  It had been known since the start 

of that century that protons would cause the principal damage only at the end of their path.  

By accurately adjusting the speed of these particles, the end of their run could be positioned 

within the tumor.  Tumor sterilization without serious damage to the surrounding area! 

However, the idea came too early. It was not until the 1980s that computer tomography 

technology had advanced far enough to allow tumor localization, as well as the analysis of 

the braking effects in front of the tumor, to be determined precisely enough for targeting 

protons.  

 

Proton therapy borne out of atom bomb research  

 

At that time, Wilson believed that cancer was the most threatening disease.  Today, nearly 

65 years later, not much has changed. On the contrary: In parallel to the increase in life 

expectancy brought about by medical progress, the probability of developing cancer has 

increased. It is now about 40% for each individual person. The advancements in medicine, 

however, were not enough to prevent the death rate, the mortality, from increasing parallel 

with cancer morbidity: The success rate of all cancer therapies is stagnating at 50%. This is 

the case in spite of great efforts; today, a majority of all physicians at universities is 

conducting research on cancer. If billions are being earned through chemotherapeutic drugs, 

millions also are being invested in the development of cancer medications. What have these 

efforts produced up to now? Numerous ground-braking suggestions for preventing cancer, 

little short of idealistic, have also been made. Many of them have a debatable impact. Only 

one suggestion is really effective: Don’t smoke.  



  

 

All cancer therapies work the better the earlier they are employed. The entire arsenal of 

advanced diagnostic techniques should therefore be used.  Early detection of intestinal 

cancer is expensive, but spectacularly successful. Gynecological examinations are effective 

if they are technically comprehensive and, above all, performed regularly. The efficacy of 

mammography is not so clear, it is still the object of statistical investigations. It certainly has 

the disadvantage of often causing unnecessary anxiety and interventions. Early cancer 

detection is then controversial if it leads to needless surgical procedures which impair 

function, as it is the case with prostate cancer.  Overall, optimization of early diagnosis - if it 

is performed consistently - has indeed delayed the increase in cancer mortality; however it 

cannot solve the problem cancer. Of the three pillars of cancer therapy - surgery, 

chemotherapy and radiation - surgery today has been technically developed to a final extent. 

Its success could be optimized due to improved diagnostics and also due to its expanded 

use in older age groups, supported by anesthesia and intensive care. However, it was not 

optimized as much as would have been needed to reduce or at least stem cancer deaths in 

view of the increasing incidence of cancer.  Thanks to intensive research, chemotherapy has 

succeeded in sterilizing cancer cells, which are nearly identical in composition to their 

healthy mother cells, with a probability greater than 99% - even if this is associated with 

significant side effects. Its successes remain modest, however, due to the rapid development 

of resistance of the cancer cells: when used alone in the case of solid tumors, an average of 

four months of additional life expectancy gained; in combination with surgery or radiation, 

generally only single-digit percentage improvements of survival. Wilson did well to 

concentrate on radiotherapy.  

 

The initial attempts to irradiate cancer took place in the 19th century in Vienna, right after X-

rays were discovered. After more than 110 years, the method underwent further 

development to its physical limits relatively late -- in fact, only in the last decade. RapidArc, 

Cyberknife, and IMRT are the slogan-like names for new devices. However, still it is possible 

in only half of the irradiated patients to control the cancer and save lives. This is not only 

disappointing but also nearly incomprehensible: radiation from X-ray equipment has been 

sufficiently strong for many decades already to reliably kill any cancer cell, wherever it may 

be.  The sterilization effect of the X-ray method is in no way technically limited.  



  

 

The development of surgery, chemotherapy and X-ray radiation is lagging 

behind the increase in cancer. 

 

In marked contrast to the limited clinical success of chemotherapy, all localized cancer cells 

could be systematically killed off with radiation. This would be the major benefit of radiation 

techniques, and indeed of all those techniques, whether they involve the electromagnetic 

waves of X-ray radiation or the accelerated atomic nuclei of proton and other particle 

radiation methods. Understanding the collective therapeutic effects of all of these different 

types of so-called ionizing radiation is simultaneously the key to understanding the 

differences between X-ray therapy and the proton radiation replacing it. The cancer 

sterilization effect of both beam types is based equally on conducting energy into the 

electron shells of the molecules.  This occurs - in brief - through absorption of the 

electromagnetic waves of the X-ray radiation or by braking the kinetic energy of the 

irradiating rapid protons.  This introduction of energy causes one or more electrons to be 

expelled from the affected molecules. They take their electrical charge with them; the 

remaining molecule or atom is then positively charged.  It has become an ion. Ions are 

chemically extremely unstable; they are reactive.  Since we humans surprisingly consist 

mainly of water molecules, either free or in bound form, the ionization generates water 

molecule fragments which are appropriately called chemical radicals. They damage the 

chemistry of the living cells; the clinical effect is caused by damage to the deoxyribonucleic 

acid (also known as DNA) of the genes.  Thus the control elements of the cell are destroyed.  

The cell can no longer divide; it dies and then is absorbed. Although cells have highly 

effective repair mechanisms for such radiation damages which also occur due to natural 

radioactivity, technically easily applicable radiation doses reliably overpower this repair 

capacity.   

 

Two further factors are important for understanding the differences of the treatment methods 

chemotherapy and the radiation methods. Firstly, as explained above as the ionization has 

occurred through radiation, the biochemistry of the cell “forgets” how it happened. X-rays and 

accelerated protons act identically within the cell! Proton therapy is not a new, exotic, miracle 

cure.  Its application is based on experiences with the conventional X-ray radiation therapy 

for the past 110 years.   

 

 

 

 



  

 

No development of resistance of the cancer in the case of radiation 

 

The second basic fact is that the destruction of the genetic material, the DNA, through any 

radiation is completely independent of the information content of this DNA; of the sequence 

of its basic building blocks which forms the information carried by the gene. This means that 

the ionizing radiation destroys the DNA and the viability of healthy as well as diseased, 

cancerous cells equally well. This also means that the mutations and formation of resistance 

by cancer cells which limit chemotherapy do not offset the sterilizing effect of the ionizing 

beams. Chemotherapy and its effects are dependent on the metabolism of the cell, which 

changes, particularly in the case of cancer, by means of continual genetic mutations.  The 

sterilization effect of the ionizing beams is entirely independent of this.  What are ionizing 

beams, medically speaking? They are most definitely not a radiated drug.  Rather, ionizing 

radiation forms a kind of disinfectant at the target location which kills any life “without 

distinction of the cell.” Any cell, healthy or cancerous, mutating or not.  And this means that 

whatever radiation we use, it comes down to how well we can concentrate it in the tumor. All 

depends on the local dosage distribution. 

 

In every publication on proton radiation, in the internet descriptions of our facility in Munich, 

in all information brochures, reference is made to a physical phenomenon, known since 

1905, which occurs during irradiation with charged atomic particles such as protons and 

other atomic nuclei: the increase in ionization (known as the Bragg peak, named after its 

discoverer) at the end of the path of the particles.  This is the determining factor.  

Technically, all of these beams, particles or X-rays, can be neatly bundled together.  They 

can be oriented in two dimensions, left/right and up/down, with millimeter precision on the 

tumor.  But for the first time, the Bragg peak of the charged particles allows us to target in 

the third dimension, the beam direction, as well.  In contrast, the electromagnetic waves, X-

rays, are absorbed in the body like light.  This means that even in the bundled forms of X-ray 

radiation, the dose exponentially decreases within the body depth. The decrease is steep 

initially, then it slowly levels off.  Approximately 40% of the X-ray radiation of a modern X-ray 

generator goes through and leaves on the opposite side of the body. This dose decrease in 

the tissue is more shallow in the case of shorter wavelengths of X-ray radiation - this is the 

advantage of modern equipment - but it cannot be manipulated.  The dose decrease is 

independent of the position and dimensions of the tumor in the body.  In the case of 

particles, the dose distribution is completely different. If protons enter the body at high speed 

(up to 180,000 km/second at the Munich facility), their passage time in the electron clouds of 

the passed through molecules is initially only very short; ionization and damage are only very 



  

minor.  Only a few electrons are cast out. But this is enough to decelerate the protons.  The 

slower they become, the more they ionize and also the stronger they are decelerated.  This 

leads to a peak in the energy transfer until standstill.  The protons - very few of them are 

used anyway - are then likewise absorbed.  There is no further radiation behind this Bragg 

peak. And in front of the Bragg peak there is a lower dose, in contrast to the higher dose in 

the case of X-rays.  And now the crucial factor: the depth position of the Bragg peak is 

dependent on the initial speed of the penetrating protons, which can be controlled in the 

accelerator. The Bragg peaks are to be placed millimeter-precise within the tumor: the result 

is 3-dimensional targeting. 

 

Only protons allow three-dimensional targeting in the tumor 

 

What does this mean for the cancer patient?  Up to now, medicine has lost half of all patients 

irradiated with X-rays.  Is an improvement with protons possible? Many patients cannot be 

cured, since they already carry metastases at the time of radiation which cannot be 

diagnosed because they are too small and are therefore not irradiated.  The majority of 

deaths occur, however, because the radiation dose in the tumor is not high enough.  The 

relationship between dose and probability of sterilization is an S-shaped curve and most X-

ray treatments fall somewhere in the linear part in the middle: the higher the dose, the more 

definite the cure.  As explained above, technique does not limit the dose. It is the non-

targetability of X-rays in the third dimension.  The shoot-through of the X-rays. The high dose 

in front of the tumor. The unnecessary X-ray radiation behind the tumor as well.  This law of 

physics implies that, dependent only on the proportions of the tumor to the surrounding 

section of the body, a three- to fivefold total X-ray radiation dose as compared to the tumor 

dose endangers healthy organs and healthy tissue.  The collateral damage or the fear of 

collateral damage prevents an optimal radiation dose in many cases.  Because of the dose 

concentration of the Bragg Peak within the tumor, the volume of healthy tissue and healthy 

organs that are systematically also irradiated can be significantly reduced with protons, as 

can the total dose there. Optimized proton radiation with the so-called scanning technique 

reduces the dose in healthy tissue to only 36% to 20% of the X-ray dose even in the case of 

a more effective tumor dose; what could clearly be demonstrated in the first 500 cases 

treated in Munich.  The long list of damage to surrounding tissue, as functional damage to 

healthy brain tissue, desiccation of the salivary glands, radiation-induced pulmonary 

inflammation, kidney damage, vascular damage, impaired fertility and much more is 

significantly minimized.  And whenever the effective tumor dose is simultaneously increased, 

as is now possible by the reduction of the collateral damage, the chances of survival are 

higher.  Thus, an urgently needed switch from X-rays to protons!? 



  

 

Moving towards proton radiation at a snail’s pace 

 

Following some preliminary tests at the University of California, Berkeley near San Francisco  

which still at that time had to be performed without CT-guided therapy planning and which 

were therefore condemned to suboptimal results, as well as therapies with a small cyclotron 

facility at Harvard University which were limited in number, the first large proton therapy 

radiation center was opened, starting in 1991, at Loma Linda University in Los Angeles, a 

private Seventh-day Adventist university. Over the next few years, it was gradually brought 

into extended service and today it commands the largest expert knowledge in the world on 

protons, with 15,000 treatments alone.  The Loma Linda proton facility was rapidly overrun 

with patients, initially due to the low side effects, particularly in the case of prostate cancer 

treatment.  As Loma Linda slowly increased the tumor dose over the possible X-ray dose, 

the full potential of proton therapy became apparent:  optimal successes with cure rates of 

up to 95% in the case of prostate cancer.  Long-term follow-up has confirmed the efficacy of 

this treatment. Even in 1995, it was clear that, with protons, Loma Linda represented the 

future of radiotherapy. Nevertheless the next major facility in the USA, in Boston at the 

Massachusetts General Hospital of Harvard University, entered clinical service only ten 

years later, in 2001.  The next facility after that was at the famous M. D. Anderson Center in 

Houston in 2006. Then there occured a large break-through, with 14 proton centers in the 

USA today which are in operation or being constructed.   And in Europe? The first large 

facility designed for cancer treatment of the entire body was our RINECKER PROTON 

THERAPY CENTER (RPTC) in Munich, which began clinical operations in 2009. The second 

German facility of nearly this caliber in Essen is still not in service (March 2011).  Otherwise 

in Europe, there are only small facilities, mostly former research proton accelerators, which 

were converted from use in physics to use in medicine and which can only be employed for 

tumors of the eye or skull, due to their low acceleration capacity.  These include the Hahn-

Meitner Institute in Berlin and similar institutes in Orsay, Nice, and Catania.  In Switzerland, a 

whole-body treatment site was likewise improvised at a physics research accelerator. It did 

not obtain a beam source dedicated for therapy until 2008. The patient throughput there was 

and is low.   

 

Today in Europe, 20 years after Loma Linda, proton radiation for cancer, with the Munich 

facility being the only one fully corresponding to the current state-of-the-art, is still seen by 

many as being new, exotic, actually research and – is disputed. Caution or conservative 

mentality? In any case, it represents conservatism at the expense of patients:  35% of the 

patients treated to date at the RINECKER PROTON THERAPY CENTER from the more than 



  

30 countries we serve are those who either previously underwent radiotherapy without 

success or who could not undergo any X-ray therapy due to the unsatisfactory local dosage 

distribution of that method.  

 

The slowness of this progress cannot be explained merely by the fact that the radio 

oncologists, unlike surgeons for example, may tend towards conservatism.  It is instead a 

story much like a thriller. It was not actually about the patients and their fate.  Rather, it was 

so difficult for all involved to leave their - cherished, comfortable – standards. 

 

 

 

The proton thriller 

 

Initially, the manufacturers had to assemble new staff for protons including physicists, 

nuclear medicine physicians and computer professionals who would be able to manage the 

extreme programming tasks - the Munich facility has a software volume of more than 3 

million lines.  A positively painful and extremely time-consuming process which we 

experienced up close at the largest manufacturer for radiation equipment who controls 60% 

of the international market, the company Varian in Palo Alto.  In early 2007, it purchased the 

failing German producer of Munich’s proton technology.  The published balance sheets 

reveal that Varian invested at least €80 million in advance of labor costs in the final 

development of the Munich facility and the pre-production development of this technology.   

 

It became clear quickly that it was difficult for the manufacturers to switch from series sales 

of regular X-ray radiation equipment with a price per unit of approximately €3 million to small 

series production of these new, large assemblies of apparatus with a price per unit of 

approximately €150 million. The long construction time alone forces the manufacturer to 

engage in the pre-financing as provided by the customer.  It is therefore no surprise that the 

Belgian technics company IBA was initially the market leader for medical proton accelerators 

– currently with 11 operating and 8 internationally commissioned facilities for proton therapy - 

and not one of the known medical device manufacturers. Attempts to design this equipment 

on the smaller scale of X-ray establishments have been made but have not been successful 

so far. The size of the proton facilities and their configuration for up to 4000 patients and 

treatments annually, as in Munich, results from the high costs of the central beam source, 

the so-called cyclotron, the central beam preparation unit, and the central software. From the 

field‘s conservative point of view, the new facilities appeared to be real monsters; they have 

the potential to eliminate radio therapy sites and the jobs created there. It should be added 



  

that at least in Germany, the radiation protection legislation in its current form prohibits any 

web-like collaboration of central proton therapy facilities. Otherwise, the existing doctor’s 

offices could carry out the diagnostics and target planning as before while the central large 

facility could perform the proton irradiation, a suggestion from Munich which no one has yet 

dared to implement.    

 

The banks had joined the ranks of skeptics for a long time. Numerous proton projects in 

various German states, introduced at the time the Munich RPTC was being built, fell victim to 

the financing complications from Basel 2 and later the financial crisis of 2007/2008.  Even 

the second resurgent wave of current attempts (Halle, Dresden, Berlin, Aachen and others) 

appear in many places to be far from financially secured. In Munich, the instability of the 

banking scene as shown by mergers, sales and liquidations - HypoVereinsbank and WestLB 

AG - was an extreme handicap. And no one wants to have to hammer home nuclear 

physics, biophysics and medical progress into a banking mentality and its risk analyses.  

 

Protons: Too new - still no playground for conservative mentality 

 

In the USA, there undoubtedly occurs a rapid transition to proton therapy today.  In Europe, 

especially in Germany, only stumbling steps have been taken. How is this going to progress? 

Let’s extrapolate the 11-year development process of the Munich facility. More than a 

decade ago, cancer surgery had already reached its technical peak. Also the prediction 

which appeared daring at that time - in particular with regard to the banks - that 

chemotherapy could not force any crucial breakthrough has come entirely true. The most 

recent DNA analyses with the result of 15,000-30,000 point mutations in the cancer cells as 

compared to their mother cells casts doubt on chemotherapy getting a handle on the crux of 

its problem in the near future, that is, mutations and development of chemotherapy 

resistance of the cancer.  The outlook is in any case even more guarded than in antibiotic 

therapy, in which the development of resistance 70 years after its introduction is also proving 

to be the main headache. Alternative radiation methods have likewise not developed further 

or have even failed. Treating cancer through the incorporation of radioactive substances 

(isotopes) by the so-called brachytherapy is successful in certain (but unfortunately very few) 

types of cancer; however it cannot be expanded due to methodological constraints.  

Conventional radiation therapy with X-rays was indeed brought to its peak level technically, 

not at last under the pressure of emerging proton alternatives. Varian’s RapidArc system 

irradiates the tumor from all sides and achieves the best so-called conformity meaning 

adjustment of the overlap area of the beam directions to the shape of the tumor.  This is 

imitated by other new developments with slogan-like names, such as TomoTherapy and the 



  

so-called Cyberknife.  However, these are designs which contain structural compromises in 

their low-output beam sources and therefore are only useful for small tumors, as in the case 

of the Cyberknife, for example.  The improvement in the programming of conventional 

radiation therapy and the replacement of primitive beam shadowing templates by motor-

controlled template sheets in the so-called IMRT (Intensity Modulated Radio Therapy) as 

well as all other X-ray developments are not capable of one thing, however: they distribute 

the radiation in healthy tissue more smoothly, but they cannot improve in any way the tumor-

dose-limiting relationship between the quantity of the tumor radiation, thus the active 

radiation, and the amount of radiation in healthy tissue and radiation damage through 

collateral damage.  It is a given law of nature for X-rays. All these developments represent 

optimizations of the conventional techniques within their physical constraints, but no real 

alternatives to proton radiation.  

 

The heavy ion experiment 

 

It now may appear that proton radiation has been confronted with a competitor “from above”, 

from a further improved technology: heavy ion radiation.  In Japan, there are multiple beam 

sources which can accelerate various atomic nuclei, protons as well as carbon nuclei which 

are twelve times as heavy. In Germany, a facility of this type has been put into operation in 

Heidelberg; two additional ones in Marburg and Kiel are under construction.  Due to the high 

mass of these so-called heavy ions, the facilities, the beam sources and the target devices 

for patients cost many times what proton equipment costs.  This is the case even if they have 

been greatly simplified: Heidelberg has only one mobile treatment room (Munich four), which 

today is not yet in operation; Marburg and Kiel are foregoing irradiation from all sides 

altogether albeit this has already proven itself in X-ray therapy. The Japanese facilities have 

not been replicated. In the United States not a single heavy ion facility is available, under 

construction, or being planned. In Europe, groups in several countries have requested 

centers of this type (Etoile, Medaustron, Pavia, Archade), however implementation has for 

the most part been postponed or is on hold. What is the supposed advantage of heavy ions?  

For one thing, a reduced amount of beam scatter in the body. However, compared with the 

best beam precision data in the world today at the RPTC in Munich, this argument does not 

hold up for many technical reasons. The second anticipated improvement seemed crucial, 

however.  The harmfulness and toxicity of the heavy ions is said to be particularly significant 

in the area of the Bragg peak, thus at the end of the particle paths located in the tumor at 

which the physical dose itself greatly increases. This aroused the intriguing hope that, 

outside of the tumor, the radiation dose could be halved once more with respect even to 

protons! Disappointment followed on the heels. This excessive increase in relative biological 



  

efficacy is difficult to measure, namely only “biologically” at laboratory animals or cell 

cultures. It had not been realized, as it was known only later, that it occurs at the lower doses 

which cause cell cultures to die off; however, it no longer occurs at the far higher doses 

which are clinically necessary for the perfused tumor tissue in humans. This causes the area 

of highest efficacy of this heavy ion irradiation to not be within the tumor but rather to be 

lateral to the tumor in the range of lower doses and especially behind the tumor.  The heavy 

ion atomic nuclei, as projectiles, are occasionally shattered during the impact on the atomic 

nuclei of the tissue and form a sort of radioactivity tail behind the tumor.  In the more recent 

literature, the comparison of optimized proton local dose distributions with heavy ion dose 

distributions turns out to be in favor of protons. It would indeed make sense to still operate 

the Heidelberg research facility - in cancer, every opportunity should be taken advantage of.  

But to repeat them? If cancer therapy is to be advanced at all in Germany today, protons are 

without a doubt the route which must be taken. However, the situation in Germany is full of 

resistance and obstacles.  

 

X-ray radiation - still legal?  

 

Many voices claim that proton financing is “too expensive from a health politics standpoint.” 

A morning visit to an airport at a German vacation destination - Mallorca, for example - would 

give the impression that Germany is more willing to finance equally expensive vacation 

airplanes for a single destination than it is willing to pay for its cancer treatment facilities.  A 

state-supported public organization, the Gemeinsame Bundesausschuss der Ärzte und 

Krankenkassen (GBA), examines the reimbursement of new therapies in the case of persons 

with statutory health insurance. It accuses proton therapy of lacking statistical proof.  This 

proof cannot be provided, however, because no ethics committee allows and no affected 

patients are willing to act as guinea pigs and expose themselves for comparison with the 

three- to fivefold harmful dose in healthy tissue, if they are randomized to receive X-ray 

therapy.  The decisions of the GBA with a majority vote of the health insurance companies 

and the presiding attorney who leans towards the health insurance companies are financially 

oriented and not very humanitarian.  It is not always easy to recognize the difference 

between these decisions and unfortunate definitions of life ‘not worth living’. All that just 

temporarily slows down development, resulting in temporary economic advantages in favor 

of the health insurance companies. All that also disregards German radiation protection 

legislation which requires that the dose in healthy tissue be absolutely minimized!  This also 

ignores decisions made by the Federal Constitutional Court regarding health insurance 

companies’ duty of payment.  

 



  

Because the radiation protection ordinance from 2001 enforces a dose reduction in healthy 

tissue:  §§ 6, 80, 81. In the case of radiation with comparable efficacy, the arbitrary decision 

to use a method with a higher harmful dose - the three- to fivefold harmful dose in the case 

of X-rays - is bodily harm. The “comparability” of the X-ray/proton methods was determined 

by the authority, for example, in the RPTC’s operating license. X-rays should only be used if 

protons are not yet available.   

 

Protons for cancer patients or a university monopolization?  

 

Most German universities proclaim that proton therapy is research, that it is experimental – 

the RPTC in Munich does not have official approval for experiments and research, but 

instead for healthcare – and that proton therapy has absolutely to remain at universities. The 

economic intent of this monopolization is understandable. Due to the long construction times, 

no German proton facility at an university - after Munich and Essen - will be able to start 

operations prior to 2015. One must wonder whether once more the (proton) world has to 

recover based on (research of) Germany - 25 years after America and Japan.  

 

Protons save too many people worldwide for this promising technology to be delayed. 

Germany will not be able to stay far behind the United States for as long as it likes.  And 

despite all attempts, there are no scientifically established medical data, no decision criteria, 

no published statistics which confirm an advantage of conventional X-ray therapy over 

protons for the patient. No one has ever scientifically proven and provided evidence that X-

rays are better.  

 

The transition from X-rays to protons is coming.  We hope that many of us will live long 

enough. 

 

 

 

 

 

 

 

 

 

 

 



  



  

 RPTC: PERFECTED PROTON SCANNING  

 

 

The RPTC, with its technical performance parameters and its proton scanning method, is the 

worldwide leader.  Together with the equipment producer Varian Medical Systems, Palo Alto, 

USA, the global leader in the manufacture of radiation therapy equipment, we have 

developed technical specifications which reach the physical limits of the method.  Together 

with us, the company Varian is continuously improving the proton therapy system at the 

RPTC so that optimization steps are performed consecutively at present (see table 1). 

 

 

Completion in 2011 

 

In December 2010, the last of our four gantries was put into clinical operation.  The RPTC is 

thus the only therapy center in the world with four gantries which make it possible to direct 

the proton beam in nearly all spatial directions on the patient and into the tumor. 

 

The fifth treatment room at the RPTC, the so-called “fixed beam room,” will be completed in 

2011.  In this room, tumors on or in the eye can be irradiated with protons with a very high 

degree of precision.  In this way, we can expand our treatment spectrum.  At the same time, 

we have set up the patient chair in the fixed beam room so that tumors in the area of the 

head with a diameter of up to four centimeters can be treated.  We treat already these 

tumors at the RPTC at the gantries, as a part of our standard treatment.  However, we can 

increase our capacity once more through the fixed beam room.  

 

The producer Varian will complete a series of optimizations in 2011.  On the one hand, these 

will bring about a significant improvement in operability for the clinical staff, and on the other 

hand, there will be an optimization of the working speed of the equipment (see table 2). This 

will allow us to further increase patient capacity.  At the same time, it will be possible to 

improve equipment performance in certain technical parameters beyond the original 

specification (see figure 1).  

 

 

 

 

 

 



  

                ____________________________________________ 

Planned system optimizations for 2011 

 

 

 

 

 

 

Daily transfer procedure between Varian and 

RPTC speed up by 1 hour 
More time for patient treatments 

Operation facilitation through “intelligent beam 

scheduling“ (priority allocation when assigning 

the beam to the treatment rooms) 

The cycle of successive 

treatments becomes more 

efficient 

After interlocks, radiation can continue to take 

place directly, without running through the 

complete beam request procedure 

Time savings 

Handling facilitation for gantry and  

patient table operation  
Time savings 

Speed optimization for movements of the gantry 

and patient table  
Shortened patient laying times 

Optimization of equipment monitoring  
Fewer unnecessary radiation 

interruptions  

Reduction of switch time for  

a change in energy (layer switching time) 

Increase in the effective dose 

rate 

Reduction of room switching times Time savings 

Introduction of the “small field snout" 

(amendment to our precision beam output 

window) 

Improved access in ENT tumors 

 

Table 1: Planned system optimizations for 2011 

 

 

 



  

 

 

 

Technical data achieved  

 

 

Technical Parameters  In clinical use  2011 optimization 
objective  

Energy range of the proton beam 90 to 230 MeV 80 to 250 MeV 

Penetration depth in the patient  
(*when using a range shifter) 

0* to 33.3 cm 0* to 38.6 cm 

Clinical dose rate for 1 liter of tumor volume 

(with spot change) 
4.19 Gy/min at 12 Gy 5.67 Gy/min at 12 Gy 

Beam intensity of the cyclotron 10 to 800 nA Limit reached 

Increasing the lower limit of the beam intensity 

in the isocenter to shorten the minimal spot 

duration  
0.1 nA 0.25 nA 

Beam midpoint precision at the isocenter  Better than 1 mm Better than 0.5 mm 

Beam width (in sigma) 4 mm 3 mm 

Spot-to-spot scanning switching time  less than 0.25 ms Limit reached 

Line-to-line scanning switching time  less than 1.0 ms Limit reached 

Energy-to-energy scanning switching time 3.6 seconds 1.3 seconds 

Switching time between treatment rooms  87 seconds 80 seconds 

Equipment reliability (based on inoperative 
treatment days) 

96.97 % 
Unchanged in spite 
patient capacity 

Permissible patient weight  130 kg 160 kg 

Maximum field dimensions   25 cm x 25 cm 30 cm x 40 cm 

Usable gantry angles 8 discrete angles 360° continuously  

 

 

Table 2: Values achieved and optimization objectives of technical parameters for 2011 

 



  

The precision which we have already achieved at the RPTC with our proton beam is 

illustrated by Figure 1. It shows the measured beam position at the so-called isocenter, 

which is the spot at which the tumor is positioned. For all gantry angles and all proton 

energies, we are better than 1 millimeter! 

 

Figure 1: Example of beam precision 

 

 

 



  



  

CLINICAL OPERATION OF THE RPTC IN THE FIRST TWO YEA RS 

 

 

Treatment output achieved 

 

 

Total number of patient treatments completed 511 

Total radiation time for patient treatments  36,443 min 

Total number of fractions 9,887 

Total number of beam directions (fields) 21,437 

Total number of applied depth layers 458,512 

Total number of individual dose-controlled scanning spots 55,723,641 

Smallest target area treated 1 ml 

Maximum tumor volume treated 4,389 ml 

Shallowest penetration depth used  0.2 cm 

Deepest penetration depth used 27.1 cm 

 

Table 3: Treatment output in the first two years of operation (as of March 15, 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

Patient Irradiations 

 

 

As of March 15, 2011, a total of 511 patients have undergone proton therapy at the RPTC.  

The percentages of the various indication groups are shown in Figure 2. The detailed list of 

the tumors treated to date at the RPTC is given in Table 4.  

 

Indication Groups treated at the RPTC (as of March 1 5, 2011) 

Lymphatic system, Skeletal system/soft tissues, CNS t umors, Head and neck tumors, Thoracic organs, 

Urogenital tumors, Gastrointestinal tumors 

 

 

Figure 2: Indication Groups 



  

 

All tumors treated at the RPTC 

 

 

 

7

3

2

3

4

3

16

Central Nervous System

Astrocytoma Low grade

Anaplastic*

Glioblastoma multiforme*

Oligodendrioglioma Low grade

Anaplastic*

Ependymoma Low grade

Anaplastic

Tumors of Glial/Neuronal Origin Ganglioglioma

Embryonal carcinoma Medulloblastoma

Atypical teratoid or rabdoid tumor

Cranial nerve Neurinoma of acustic nerve

Glioma of optic nerve

Meningioma Benign Meningioma

Atypical Meningioma

Anaplastic

2

7

16

4

Central Nervous System

Sellar Region Adenoma of pituitary gland

Craniopharyngioma

Skull Base Chordoma

Chondrosarkoma

Carcinoma Metastatic to the Brain Breast Cancer

Lung Cancer

Malignant Melanoma

Hemangioma/ -pericytoma

Primary proton therapy, re-irradiation, stereotactic radiation (hypofractionated or in conventional fractionation)

* in combination with chemotherapy (Stupp, R. et al.: N.Engl. J. Med. 2005; 352: 987-996)

 



  

Nasal cavityTumor of Nasal3

3

3

8

6

7

3

Head and Neck

Nasopharyngeal Carcinoma

Paranasal Sinus Maxillary Sinus

Ethmoid Sinus

Oral Cavity Base of tongue

Retromolar trigone

Bony palate

Oropharynx Tonsillar Region

Base of tongue

Soft palate

Lateral oro-pharyngeal wall

Hypopharynx Hypopharyngeal wall

Pyriform Sinus

Larynx Subglottis

Glottis

2

9

Head and Neck

Salivary Gland Tumors Parotid gland

Lymphnodemetastases

Primary proton therapy, adjuvant proton therapy, re-irradiation, 

With or without chemotherapy or chemotherapy in combination with targeted therapies

 

2

9

Head and Neck

Salivary Gland Tumors Parotid gland

Lymphnodemetastases

Primary proton therapy, adjuvant proton therapy, re-irradiation, 

With or without chemotherapy or chemotherapy in combination with targeted therapies

 



  

Abdominel Lymphnodemetastases4

4

5

19

20

2

4

Gastrointestinal Tract

Esophagus Lower esophagus

Gastroesophageal junction

Stomac

Pancreas Head

Body

Papilla

Liver and Biliary System Hepatocellular Carcinoma

Metastases*

Cholangiocarcinoma

Intrahepatic bile duct carcinoma

Rectum Rectal Cancer**

Recurrent disease presacral

Anal Canal

Primary proton therapy, adjuvant proton therapy, re-irradiation, with or without chemotherapy

* hypofractionated stereotactic radiation in apnea

**neoadjuvant RT/ChT
 

Pelvine Lymphnodemetastases4

Penile Cancer1

6

3

177

Urinary Tract

Prostate* Stage I - IV Definitive/Radiation alone

Serological relaps

Locoregional relaps

Urinary Bladder

Female Genital Tract Cervix uteri

Endometrium

Vulva Carcinoma

Vaginal Cancer

Ovarian Cancer

Primary proton therapy, adjuvant proton therapy, re-irradiation, with or without chemotherapy

* with or without antihormone therapy

 

38

1

26
Musculoskeletal System

Chondrosarcoma/ Chordoma

Histiocytosis

Metastases

2

5

Lymphatic System

Morbus Hodgkin

Non-Hodgkin-Lymphoma

 

Table 4: list of all tumors treated at the RPTC as of March 15, 2011  



  

 

The advantages of proton therapy, namely the massive decrease of the harmful dose in 

healthy tissue along with the simultaneous possibility of increasing the sterilization dose in 

the tumor allow and call for use in all patient age groups. Proton therapy reduces the risk of 

treatment-induced secondary disease, which plays a serious role particularly in the case of 

young patients. In the case of older patients, radiation therapy is at times only possible at all 

through the use of protons, due to the protection of healthy tissue and the better tolerance - 

often it is the only therapeutic approach left for these patients.  The age distribution of the 

patients treated at the RPTC also reflects this. The distribution is shown in Figure 3. 

 

 

                                   ____________________________________________ 

Age range 

 

                       Age distribution of RPTC pati ents (as of March 15, 2011)   percentage age group 

 

Figure 3: Age range of patients treated at the RPTC 

 

 

 

 

 

 

 

 

 



  

 

Patient origin 

 

In the first two years of operation, our international reach has steadily increased.  During this 

time, we treated patients from 32 countries throughout the world (Figure 4). 

 

Countries of origin, Countries outside of Europe, Egy pt, Argentina, Australia, Canada, Mexico, United 

Arab Emirates 

 

Figure 4: Patient origin (as of March 15, 2011) 



  

 



  

THE INITIAL TREATMENT RESULTS AT THE RPTC 

 

One tumor indication for which we have already been able to achieve good statistics at the 

RPTC concerning the number of patients and the post-treatment observation time is prostate 

cancer.  In particular, it has been confirmed in the post-treatment observation time, which we 

have already been able to evaluate, that proton therapy as we use it is significantly 

protective and simultaneously provides increased efficacy. A summary of these results: 

 

 

Hypofractionated radiation of prostate carcinoma wi th a scanned proton beam 

M. Herbst, M. Wilms 

 

Since March 2009, patients with prostate cancer have been treated with a scanned 

proton beam at the Rinecker Proton Therapy Center (RPTC) in Munich. A total of 127 

patients have already been evaluated with a minimum post-treatment observation time 

of three months. Out of 127 patients, 108 received definitive prostate radiation, while 

17 patients were treated following prostatectomy due to local recurrence.  

 

The particularly advantageous physical properties of the scanned proton beam are 

seen in healthy tissue and also in tumor tissue.  The high dose increase in the tumor 

with only a one-sixth dose load in the surrounding healthy tissue predisposes this 

radiation method for hypofractionation (= fewer radiation fractions than conventional).  

The radiation dose in the tumor which is thus increased daily is more effective than 

previously and enables the cumulative dose and thus the probability of a cure to be 

increased without significant adverse effects and also allows the total treatment time to 

be reduced.   

 

In the preparation time prior to therapy, three gold markers were placed in the prostate 

for identification on the control X-ray images during the daily radiation sessions for the 

highest degree of irradiation precision and to thus be able to correct the position of the 

patient.  For radiation treatment planning, three-dimensional tomography of the pelvis 

was created using computed tomography. The target volume was contoured by the 

physician in the CT slice images.  Then the distribution of the radiation dose was 

calculated by the medical physicists. A balloon filled with 150 milliliters of water was 

placed in the rectum in order to limit the displaceability of the prostate and hold the 

middle and dorsal sections of the radiation-sensitive rectal wall as far away as 

possible from the field of radiation.  



  

 

Prior to each radiation session, the proper positioning of the patient was verified using 

two stereoscopic, digitized control images and objectified in comparison with the 

primary planning CT images.  Position corrections were performed automatically by 

moving the patient table in 6 degrees of freedom. 

 

In the middle, a cumulative dose of 63.0 Gy (RBE) fractionated into 21 fractions  over 

5 days per week with a respective daily dose of 3.0 Gy (RBE) was administered to the 

prostate (RBE stands for Relative Biological Effectiveness and takes into account the 

biological effect of protons which is about 10% higher in comparison to high-energy X-

ray radiation). If metastasis of tumor cells in the iliac lymphatic vessels is suspected, 

these vessels are irradiated with a median cumulative dose of 52.5 Gy (RBE) (range 

from 48.3-62.5 Gy (RBE)) and a median daily dose of 2.5 Gy (RBE) (range of 2.3-2.7 

Gy (RBE)). 

 

Adverse effects of therapy are checked directly upon completion of therapy and two, 

six, and nine months after the end of therapy and they are classified according to the 

RTOG/EORTC guidelines.  At the end of the therapy, 77 patients were shown to have 

grade 1 genitourinary (GU) adverse effects, and 51 patients were shown to have 

gastrointestinal (GI) adverse effects. Grade 2 GU and GI adverse effects were 

recorded at this point in time in 11 and 19 cases respectively, and a grade 3 reaction 

occurred in only one case.  Two months after therapy was completed, no further grade 

2 or grade 3 adverse effects could be detected.  The number of patients with grade 1 

GU or GI adverse effects fell at this time from 17 to 7 patients.  

 

The median concentration of the prostate-specific antigen (PSA) in patients’ blood was 

21.63 ng/ml (range 948.0 – 0.10 ng/ml) prior to therapy. A significant reduction in this 

biomarker was able to be observed even during therapy. Two months after the end of 

therapy, the measured median concentration was only 6.56 ng/ml (range 130.9 – 0.01 

ng/ml). 

 

In summary, it can be reported that hypofractionated proton radiation of carcinoma of 

the prostate using the scanning method was tolerated well, even at a dose of 63.0 Gy 

(RBE) which was escalated by means of hypofractionation over 21 days at daily doses 

of 3.0 Gy (RBE) and which corresponds to a biologically equivalent dose in the case of 

high-energy X-ray radiation and conventional fractionation of approximately 85 Gy 

over 42 days.  The appearance of acute adverse effects decreased three to four 



  

weeks after the end of treatment.  After two, six, and nine months, no grade 3 or grade 

2 urogenital and gastrointestinal adverse effects and only a small number of grade 1 

adverse effects were recorded.  The decrease in the PSA concentration was 

impressive. No statement can be made with regard to statistical survival rates until 5 

years have passed.  The results of the restaging prior to the start of therapy, the 

progress data on the clinical development, tumor manifestations, their treatments, the 

course of the results of therapy and adverse events, including follow-up care, are 

recorded in accordance with the study and documented in computerized form for 

further scientific evaluations.  



   



  

THE MOST RECENT PUBLICATIONS OF THE RPTC  

 

At this year’s international conference for proton and particle therapy (PTCOG), which is 

being held from May 8 to 14, 2011 in Philadelphia, USA, we are represented by three 

scientific contributions: 

 

• Initial results in prostate therapy with protons using the scanning method at the RPTC 

 

Hypofractionated Proton Beam Scanning Radiotherapy for Prostate Cancer 

Herbst M., Wilms M., Dohr D., Hillbrand M. 

Purpose: To validate dose escalation in prostate-cancer treatment with proton pencil beam 

scanning technique. 

Methods and patients: Till November 2010 at the Rinecker Proton Therapy Center (RPTC) in 

Munich 127 patients were treated with dose escalated hypofractionation. For daily treatment 

control patients got an individual cast, 3 gold markers and a rectum balloon. After contouring and 

planning for every patient the calculated dose distribution was verified at the gantry by 

measurements. 108/127 patients had the treatment of the prostate and 17/127 of the tumor bed 

after prostatectomy. The fractionation according to our protocol was 5x3.00 Gy (RBE) /week up 

to 63.00 Gy (RBE) and to the iliacal lymphatics 5x 2.50 Gy (RBE)/week up to 52.50 Gy (RBE). 

Results: Side effects were documented during, immediately after treatment and 3, 6 and 9 

months later. 2/3 of the patients had G1 genito-urigenal and intestinal symptoms while only few 

had G3 reactions. After 3, 6 and 9 months there were no G2 and G3 reactions. The median PSA 

value decreased from 21.63 ng/ml to 6.56 ng/ml. 

Conclusion: Hypofractionated proton beam therapy is well tolerated even with a high total dose of 

63.00 Gy (RBE).The acute side effects decreased within 4 to 5 weeks after treatment. After 3, 6 

and 9 months no side effects of Grade 2 and Grade 3 were observed. The decrease of PSA after 

treatment is impressive. 

 

• Explanation of our method for irradiating tumors subject to respiratory movements by 

eliminating respiratory movements during patient apnea 

 

Scanning proton beam radiotherapy under functional apnae 

Eckermann M., Hillbrand M., Herbst M., Rinecker H. 

Purpose: To evaluate the feasibility of daily repeated apnea phases under general anesthesia 

and to demonstrate the stability of tumor position by eliminating respiratory movements for 

thoracic and sub-diaphragmatic cases. 

Patients and Methods: 52 patients (ASA 1–4, medium age 61) were treated in general anesthesia 

by proton pencil beam scanning in a total of 580 fractions at the RPTC. Anesthesia was 

performed in total intravenous technique and oral intubation. During targeting, control-CTs and 

radiation functional apnea was achieved by muscle relaxation, stop of mechanical ventilation and 



  

continuous oxygen-flow under standard monitoring (ECG, NIBP, SpO2, CO2). The correlation of 

the tumor position to the diaphragm and the spinal cord was assessed by comparing the planning 

CT with additional repeated CTs during the course of treatment. In-room X-ray based positioning 

verification was performed daily.  

Results: The number of fractions ranged from 1 to 32 for a single patient. Medium duration of 

respirated anesthesia was 58 (28-183) minutes. During 2615 phases of functional apnea with an 

average duration of 2.3 minutes no significant decrease of the SpO2 level and a maximum 

increase of CO2 level up to 61 mmHg were observed. No major complications were seen and 

only mild side effects, e.g. laryngeal irritation or drowsiness occurred. Both measurement 

methods of position reproducibility showed variations less than 2mm. 

Conclusion: Functional apnea during irradiation is a safe and reproducible method to fix the 

tumor position for scanning proton beam therapy of thoracic and sub-diaphragmatic lesions. 

 

• Report on our technical beam precision and the introduction of the so-called IMPT method 

(intensity-modulated proton therapy) 

 

Optimized geometric accuracy of a scanned proton be am pencil beam – a roadmap to 

Intensity Modulated Proton Therapy 

Skalsky Ch., Datzmann G., Domke T., Hillbrand M., Müller B., Hauffe J. 

Background: For Intensity Modulated Proton Therapy (IMPT), potentially highly dynamic beam 

fluencies prompt the demand for high precision in beam delivery. At the Rinecker Proton Therapy 

Center a method has been developed to compensate for long-term beam position drifts. This 

study evaluates the precision of proton beam delivery, the stability over time and establishes a 

quality assurance procedure for the clinical implementation of IMPT. 

Material and methods: A chamber stack in the nozzle was used to determine the central and off-

axis spot positions on a daily basis. At the isocenter the position was measured using a 2-

dimensional beam imaging device. To demonstrate the clinical applicability of IMPT, a treatment 

plan was calculated for a horseshoe-shaped target structure in a PMMA-phantom. Dosimetric 

verification of the dose distribution was performed by relative film dosimetry and a 2D-ionization 

chamber array. 

Results: Measurements at the nozzle proofed a long-term stability of the beam position over the 

whole energy and gantry angle range. The averaged displacement was significantly below 

1.0mm. At the isocenter deviations of the central beam position ranged between 0.2-0.5mm. 

Additionally the implementation of clinical procedures will be presented. 

Conclusion: The delivery of proton spots proofed to be very accurate. Daily variations are small 

and long-term drifts can easily be compensated. Verification measurements demonstrated the 

technical feasability of IMPT. Clinical implementation started at RPTC. 

 

At this year’s European radiation therapy conference ESTRO (May 8-12, 2011 in London), 

we are also represented in the Elekta symposium with a scientific contribution:  



  

 

• “Robustness” of proton therapy plans in the scanning method versus possible variations in 

patient radiation  

 

Analysis of treatment plan robustness for spot scan ning proton beam therapy in XiO 

Hillbrand M., Skalsky Ch., Domke T. 

The aim of the study was to evaluate the robustness of treatment plans in scanning proton beam 

therapy against interfractional, inter- and intralayer variations. 

Treatment plans were calculated for a cubic phantom, a cubic target and either with or without 

inhomogeneities. Beyond that, plans were established for realistic clinical cases. A distortion of the 

spot matrix was introduced by manually editing the DICOM data. These distorted plans were 

recalculated and evaluated in the treatment planning system (XiO, ELEKTA CMS software, USA). 

Furthermore, modified RT plans were measured with an ionization chamber array (PTW 729xdr, 

Freiburg, Germany). 

Spot displacements of a whole monoenergetic layer in the magnitude of 3mm resulted in local dose 

deviations of up to +/- 16-17%. For a displacement of 1.5 mm dose deviations were small and 

acceptable. Similarly, dose homogeneity was not considerably influenced by random displacements of 

spots in the magnitude of +/- 1 mm. An inter-layer displacement of the same magnitude in a cubic 

phantom with three different types of tissue inhomogeneities (bone, lung and soft tissue) resulted in 

dose deviations by less than +/- 6% in the isocentric plane. 

In summary, we found small acceptable local dose deviations if spot displacements were less than 1-2 

mm. These findings underline the importance of accurate daily patient setup and daily image guided 

setup correction and verification 

 

The Radiation Protection Ordinance of the Federal Republic of Germany is applicable for the 

RPTC and all other radiation therapy facilities.   Prof. Dr. Kuchler, Clifford Chance, examined 

the resultant possible legal implications for attending radio-oncologists in the case of 

indications and patient information.  

 

• Examination with regard to the Radiation Protection Ordinance 

 

Legal opinion on the relevance of the operating lic ense and start of operations of the 

Rinecker Proton Therapy Center, Munich, with regard  to the Radiation Protection 

Ordinance, for justifying indications according to section 80, para. 1 of the Radiation 

Protection Ordinance, establishing irradiation plan s according to section 81 para. 3 of the 

Radiation Protection Ordinance, as well as physicia ns‘ responsibility with regard to civil 

and criminal law in the use of ionizing radiation i n patient treatment in Germany.  

Prof. Kuchler, Clifford Chance 

For complete publication, see appendix (only in German language) 

 



  

 



  

OUR PLANS FOR 2011  

 

 

Fixed beam, software optimization and expansion of capacity 

 

Our ambition is to offer superior proton radiation therapy for tumors of all conceivable sizes 

that can be irradiated. The targeting system of the fixed beam therapy room to treat tumors 

of the eyes and head will be brought into service this year.    

 

Likewise, ongoing software optimization will take place at the individual gantries (treatment 

rooms), which will in turn enable current capacities to be expanded.   

 

 

Use the full potential of ultra-high precision  

 

The biggest problem in local cancer treatment methods, such as surgery and irradiation, is 

localizing all cancer cells.  In the case of external radiation, there is the problem that a 

percentage of  tumors in the body is not fixed in position - to some extent at the stomach and 

parts of the colon. X-ray radiation therapy in particular also has the limitation that sufficient 

dosages often cannot be administered at the tumor itself due to collateral damage to the 

surrounding tissue that would be irradiated too. The “ultra high-precision proton scanning 

therapy” can now sterilize a spherical volume of tissue anywhere in the body with a minimum 

diameter (at the gantries) of only 10 mm.  Because of this precision, the limits of treatability 

are generally defined in practice by the uncertainty of current diagnostic methods.  To a 

certain degree, the further development of the therapy has, for the first time, overshot the 

possibilities of cancer diagnostic procedures.  

 

This is also the reason why we here at the RPTC are replacing our still-new combined PET-

CT (positron emission tomography) with a newer piece of equipment which increases the 

accuracy of this isotope method for specialists (with the additional time-of-flight analysis).  

This will be the best imaging method for cancer diagnostic procedures at present.  

 

 

 

 

 

 



  

 

Training of professionals for proton therapy  

 

In parallel to increasing our capacity, we are also continually adding to our team of 

employees. It is widely recognized that the RPTC, with its scanning technology, represents 

the future of radiation therapy. We are in the fortunate position of being able to select the 

most qualified and dedicated medical-technical radiology assistants, medical physicists, and 

radio-oncologists.   

 

A large problem is the fact that there are still hardly any radio-oncologists with technical 

qualification in proton therapy, due to the lack of proton therapy in German university 

teaching hospitals. As a result of our authorization for (limited) education for medical 

specialists in radio-oncology and our chance to offer formalized expert knowledge in proton 

therapy, we can now invest more heavily in practical training for radio-oncologists as well as 

medical physicists.    

 

 

Breast Irradiation 

 

Postoperative radiation for breast cancer has at present not yet been realized. However, in 

2011, we hope to be able to achieve position control for irradiation of the breast.  Based on 

the high degree of targeting precision, the positioning technique for the highly mobile breast 

must be improved.  The laser surface contour acquisition needed for this purpose was not 

yet able to be achieved. The market for applicable suppliers is unfortunately correspondingly 

small.  We will not recommend proton therapy for this application until reproducible, reliable 

positioning can be guaranteed.   

 

 

Information events and cooperation with medical colleagues 

 

Although proton therapy has been successfully performed on more than 70,000 patients 

since the late 1980s, the medical profession’s level of knowledge about proton therapy is 

amazingly often entirely absent or markedly deficient; this is partly also due to the lack of 

education at universities. In addition, the fact that cancer is a multidisciplinary subject and 

thus involves more than one medical specialty makes it harder to inform medical colleagues 

about this groundbreaking method.  

  



  

However, there is a tendency for treatment inquiries, through increasingly improved 

information of attending oncologists with regard to the performance and the limits of the 

proton scanning system, to lead to referrals becoming increasingly more "targeted" and we 

thus have to deal with fewer time-consuming and regrettable rejections.  

 

It is imperative that we continue to provide educational work in this direction as well.   Along 

with the physician hotline, which has been very well received, we will continue to develop 

and carry out a series of information sessions for referring physicians.   

 

 

Assumption of costs by health insurance companies 

 

The optimized approach for all patients with statutory insurance is unfortunately not yet able 

to be fully assured at present.  Those statutory health insurance companies with whom we 

do not have any direct agreements are as a rule very cooperative in processing individual 

cost assumption inquiries and are very accommodating towards the patient.  Unfortunately, 

Barmer Ersatzkasse and DAK are exceptions to this.   

 

These problems may be resolved through a ruling by the Bavarian Ministry of Health 

according to section 116 b of the Social Security Code V. However, the Ministry, under Dr. 

Söder, has not yet issued any positive ruling for the state of Bavaria, in contrast to the 

government of Baden-Württemburg; we are thus inexplicably authorized to irradiate patients 

in the RPTC on an inpatient basis, which is hardly necessary, but not on an outpatient basis.  

This in fact creates a three-tiered medical system in Bavaria: patients with private insurance, 

patients insured through AOK and other statutory insurance companies with whom we have 

service agreements, and the unfortunate remaining patients with statutory insurance who 

must wait for Dr. Söder’s Section 116 b decision. However, we are doing everything possible 

to be able to make progress here with regard to the patient.  

 

In the area of private health insurance companies as well, we are attempting to conduct 

negotiations to possibly effect more rapid implementation of cost assumption through lump-

sum contracts, such as those that we have with the statutory health insurance companies.   

Based on the legal situation, we are currently settling with analogous figures according to the 

GOÄ, the German physician fee scale, so that patients with private health insurance will be 

able to submit their costs to their health insurance company.  Depending on the tumor 

manifestation and the number of radiation sessions thus required, the treatment costs may 

vary greatly in this case.  In some cases, these may even come under the lump sums agreed 



  

upon with the statutory health insurance companies, however in some cases, they may also 

be much higher such as in the case, for example, of certain tumors in the area of the head, 

which must be irradiated with only a very small dose and must therefore undergo more 

radiation sessions, due to the very sensitive surrounding tissue.  

 

 

 



  



  

NEWS 

 

 

Continuing Education for Specialist Physicians  

 

On February 12, 2011, our medical director, Prof. Dr. med Manfred Herbst, and our facility 

were granted authorization by the Bavarian State Medical Association for (limited) continuing 

education for medical specialists in radio-oncology.  During the radio-oncologist continuing 

education at our facility, requisite qualification in proton therapy can also be obtained at the 

same time. 

 

The RPTC currently has four radio-oncologists with requisite qualification in proton therapy; 

another radio-oncologist from the RPTC will shortly be obtaining requisite qualification in 

proton therapy.   

 

The RPTC is thus a leader in Europe in physician training for proton therapy technical 

qualifications.  

 

 

Information Events for Physicians 

The interest and positive feedback from our initial information events for physicians in 

November 2010 and March 2011 have encouraged us on the one hand to continue 

information events of this type on a regular basis and on the other hand to also expand 

them.   

For the end of May 2011, we are planning an information event on the topic “Perspectives in 

Neuro-Oncology,” and in October 2011, we are planning an information event for urologists 

and another date is specially planned for hemato-oncologists.  The dates of the information 

events will be published on our website shortly. You may visit the site to download the 

program for each one and also the registration forms.  You may also indicate your interest 

via the hotline for physicians at   

+49 (0) 89 4522862 268 

Monday - Friday: 8 a.m. - 4 p.m. 

    

We will then add you to our mailing list and let you know about our information events.  

 



  

 

 

Removing the Limitations of the GBA 

 

The Federal Joint Committee [Gemeinsame Bundesausschuss] (a self-governing board of 

physicians and health insurance companies) which deals with proton therapy, among others, 

within the scope of evaluating methods, has drawn the necessary conclusions, with a current 

decision dated January 20, 2011, from the groundbreaking decision of the Federal 

Constitutional Court dated December 6, 2005 (file no.: 1BvR347/98). As a result, a patient 

with a life-threatening or routinely fatal illness for which no generally recognized treatment 

corresponding to the medical standard is available may demand a treatment method at the 

expense of the statutory health insurance companies, due to his constitutionally guaranteed 

fundamental rights, "if there is a reasonable expectation of a cure or a noticeable, positive 

effect on the course of the illness“ (excerpt from the decree). Such a treatment constellation 

typifies proton treatment, in particular when one considers in the case of X-ray radiation - in 

comparison to proton therapy - the increased dose in the healthy tissue and the resultant 

violation of the dose minimization decree of sections 6, 80 and 81 of the Radiation Protection 

Ordinance in the use of X-ray radiation.  With the current decision, the Federal Joint 

Committee clarifies that the criteria established by the Federal Constitutional Court with 

regard to exclusion decisions by the Federal Joint Committee always take precedence.   

Given the (few) indications for which the Federal Joint Committee in its previous decision 

practice (with questionable justification) granted an exclusion from medical care to the 

detriment of persons with statutory health insurance, proton therapy can nevertheless be 

used at the expense of the statutory health insurance companies if the criteria indicated are 

present.  



  

 

 

 

 

 

 

 

 

 

RINECKER PROTON THERAPY CENTER 

SECOND ANNUAL REPORT 

ESTABLISHING PROTON CANCER THERAPY IN EUROPE 

 

The steps from X-ray radiation to proton radiation for cancer 
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